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This paper describes some of the findings of a study of patterns of 
mortality in Japan between 1950 and 1970. During this period the 
expectation of life at birth in Japan rose almost 12 years for males aad 
almost 14 years for females. This rise was accozpanied by varying 
amounts of change in the 46 prefectures, by changes in the sex mortality 
differential, and by changes in the cause of death structure. 

The history of Japanese mortality for the three decades preceding 
1950 has been well described by Taeuber (1958). During that period 
there was an almost continuvus decline in the death rate, except for the 
war years, and life expectancy rose about 40 percent for both sexes. 

At the beginning of the period, urban mortality was bigher than rural 
mortality, but this relationship had reversed by 1956. Sicilarly, 1a 
1920 females had higher death rates than males at almost all ages 
below 40, but by 1950 male rates were greater at practically all ages 
and the sex differential in eo was well over three years. 

During the period mortality convergence was occurring among the 
prefectures. Those prefectures where nortality had been highest in 
1920 experienced the fastest falis in the death rate, so thst by 1950 


there was wuch more homogeneity with respect to prefectural sortality. 


The so-called preventable diseases are cited by Taeuber as the major 
causes of portality in 1920 and also as the major sources of the decline 
during the next 30 years. Death rates from tuberculosis, influenza, 
pneuponis, bronchitis, diarrhea, enteritis and other intestinal 
diseases fell, if irregularly. Death rates from cancer and cardio- 
vascular diseases, on the other hand, showed little change over the 
period, and emerged as the major causes of death in 1950. 

Many changes in the society were responsible for the patterns of 
mortality in Japan during these 30 years. Before the war, there were 
generally rising levels of education, and sanitation and medical 
care improved. Soon after the war, major applications of new medical 
and public health knowledge and technology were of primary importance. 
To ay knowledge, no one has attempted to assign measures of relative 
izportance to these various social factors. 

The present study attempts to describe the 1950-1970 situation 
sonewhat wore precisely. The basic approach is to examine overall 
wortality in Japan by prefecture for the 20-year period, then deal 
with causes of death, and finally examine some social, economic, and 
wedical and public health ceterminsats. These findings are compared 
with pre-1950 trends in Japan and with findings for other countries, 


mostly the United States. 


Mortality trends by sex and cause 

Data on life expectancy clearly show a continuation from 1950 to 
1970 of wortality trends of the previous 30 years (Table 1). There 
was a slight increase of the rate of change in eo (wales, .57 years 


per year during the first period, .59 years per year during the 
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second; females, .64 to .69), but the speed of change for the two 
periods was remarkably similar. There is no clear indication of 
whether the rate of change has been rising or falling, although the 
1965-1970 rise in life expectancy was the lowest since the war. By 
1970, the expectation of life at birth in Japan had reached 69.4 years 
for males and 74.8 for females. 

The faster rates of change for females in both periods mean that 
the sex differential in eo must have been growing. From 1.1 years 
in 1920, the differential rose to about 3.2 years in 1950 and almost 
5.4 years by 1970. There are indications, however, that the rate 
of increase in the differential is slowing. For each successive 
five-year period from 1950 to 1970, the rate of change fell, and the 
differential rose by only .2 years between 1965 and 1970. 

The convergence among prefectures continued through 1970, as cao 
be documented in several ways. In 1950 the prefectural range for 
male life expectancy was over seven years; by 1970 it stood at 3.7 
years. Corresponding figures for females are 8.4 and 2.2. The ranges 
of age-standardized death rates fell similarly. Moreover, regression 
equations relating the 1950-1970 changes in mortality to the initial 
1950 levels show that mortality dropped fastest for those prefectures 
with the highest 1950 rates. 

All of the above findings show a continuation of the 1920-1950 
trends, and most can be interpreted as indications that Japan is 
codline closer and closer to minimum currently achievable levels of 
Mortality. This would explain the 1965-1970 slowdown in the rise of 
eo» the convergence among the prefectures and also, at least to some 


extent, the slowing of the change in the sex mortality differential. 


Patterns of mortality by cause of death are measured by age- 
standardized death rates by cause, which conveniently sum to the 
total age-standardized death rate. Data on cause of death by prefecture 
are available in a Japanese publication (Segi et al., 1970) already 
age-standardized, but cover only the years 1955 to 1965. I have not 
attezpted to obtain the voluminous unpublished data from 1970. 

The cause groups used are tuberculosis, neoplasms, cardiovascular 
diseases, intestinal diseases, certain degenerative diseases (diabetes, 
ulcers, cirrhosis, nephritis and nephrosis), pneumonia and bronchitis, 
automobile accidents, other accidents, and a residual group which 
lusps together all other infectious and parasitic diseases, infant 
and maternal deaths, and deaths from senility and all other causes 
(Table 2). 

The most important causes of death in 1955 were those of the 
residual group and cardiovascular diseases (Table 3). Most of the 
deaths (over 60 percent) in the former were due to cause groups B45 and 
B46, “senility without mention of psychosis, ill-defined, unknown and 
all other causes", while diseases of infancy and early childhood (B4l- 
44) accounted for about 16-20 percent and “other infectious and para- 
sitic diseases" (53-17) for about nine percent of the total residual 
group. ihe third most important group in 1955 was neoplasms. 

By 1965 cardiovascular diseases were clearly the most important 
contributors to the death rate, with 35 percent, and residual causes 
were second, with components about as in 1955 except for a fall in 
fofectious and parasitic diseases. Neoplasms were still in third 
position. In neither year did any other group account for as much 


as 10 percent of the total death rate, and tuberculosis never sore 


than seven percent. 

Over the ten-ycar period, the death rates from neopiasms and auto- 
mobile accidents rose for both sexes, and the death rate fros cardio— 
vascular diseases rose for males. Only these three causes showed 
rising proportions of the total death rate. The fall in mortality 
over the ten years was due mainly to the fall in the diseases cozposing 
the residual group, with changes in tuberculosis and pneumonia and 
bronchitis of secondary importance. The residual group accounted for 
ewer 50 percent of the total fall, and within this group the most 
important sources of change seem to have been groups B45 and B46, 
other infectious and parasitic diseases, and diseases of infancy and 
early childhood. 

Many other countries show a similar pattern. (See, for example, 

. 
Preston, Keyfitz and Schoen, 1972.) A study of the structure of 
mortality change by Preston and Nelson (n.d.) finds that declines in 
mortality stem mainly from falls in influenza, pneumonia, broachitis, 
other infectious and parasitic diseases and tuberculosis, with cancer 
and cardiovascular diseases slowing the fall. 

We thus find, even late in the "mortality transition”, as Japan was 
between 1955 and 1965, that changes in the preventable diseases still 
account for a great proportion of the fall in mortality. Such a 
situation cannot continue indefinitely, of course, and if major future 
changes are to occur, they must be in disease groups currently 


accounting for the majority of deaths. 


Most of the prefectural differences in mortality in 1955 and 1965 


were due to differences in cardiovascular and the residual diseases, 


which is not surprising in light of their predominance in the overall 
death rate tTable 4). The cause groups most important in the drop 

in variation of the total death rate during the ten years, on the 

other hand, were the residual group and the intestinal discases. 

Changes for cardiovascular diseases were of relatively small importance, 


and changes in neoplasms ranked last in importance for convergence. 


The wost important contributor to the sex differential in standardized 
death rates at given dates during the period was cardiovascular 
diseases. In 1965 they accounted for about 34 percent of the total 
difference in death rates by sex (Table 5). Neoplasms were of 
Telatively minor importance in 1955 but by 1965 ranked second in 
importance in terus of contribution to the sex differential. Also of 
importance were accidents other than automobile accidents and the 
residual causes. Retherford (1970) found a similar pattern for the 
United States, England aad Wales, ‘and New Zealand. 

The increase in the sex mortality differential was caused mainly 
by increases in the differential death rates from cardiovascular 
diseases, followed in importance by neoplasms and automobile accidents. . 
Several of the cause groups showed decreasing sex differentials in 
the death rates: acotientas tuberculosis, degenerative diseases, 
pseusonia and bronchitis, and the residual group. These results echo 
those of Enterline (1961), who found changes at ages 45-64 in the 
United States due mainly to changes in cardiovascular and cancer 


differentials. Retherford's study (1972) is also in agreement. 


Social determinants cf mortality 


Perbags the most hallowed division of socio-economic factors 


~ 


affecting mortality 18 into economic variables, on the one hand, and 
medical and public health variables, on the other: for example, Davis 
and Arriaga (1969) in their study of Latin American mortality. Much 
the same distinction has been made in the ongoing discussion about the 
sources of the postwar mortality decline in Ceylon (Fredericksen, 
Newman, Meegama: citations are for the latest installments). Slightly 
more detailed is the set of factors advanced by McKeown and Record 
(1962), who suggest dividing mortality determinants into genetic 
factors, therapy, and the environment, with the last Lacluding 
sanitary science and the standard of living. 

Finally, Rogers (1960) proposes a "holistic™ approach, dividing 
man's environment into intrinsic and extrinsic components, each with 
a material and a non-material part. Within this framework almost any 
conceivable factor affecting mortality may be encozpassed. A priaary 
advantage of such an approach is that a researcher may ‘take theoretical 
note of possibly important factors even if he is not able explicitly to 
consider them jn a given study. This is in contrast to the listing 
approach, where an author lists factors he considers important but 
does not let the reader know if he thinks anything else might be 
operative, 

The fact that various determinants may act on different levels 
is often implicit in discussions of the subject, but far too rarely is 
this fact made clear. In the current study an atteapt to deal with 
this is made through construction of a framework of three basic 
levels, with further breakdowns within each. The first level, 
corresponding to Rogers’ intrinsic material environment, concerns 


dnoherited and physiological factors, such as geaetic makeup and age. 


The second level concerns acquired factors: personal habits, the 
imcediate environzent, and socio-economic characteristics such as 
incote, education, and occupation. The framework acknowledges such 
interactions such as the influence on income of education and of 
income in turm on such personal habits as expenditures on food. 

Moving from factors which may be different for each individual and 
which may be summed for groups, we encounter on the third level factors 
of the general environment, factors which affect many people in common. 
These range from the weather to medical services to the level of 


urbanization. 


For the current study, information on as many variables for as 
wany levels and sub-levels of this framework as possible was 
collected. 'As is often the case, data were just not available for 
many potential variables, and for others the type of information found 
was far frow what might be considered ideal. For example, although 
nutrition is certainly an important factor in mortality determination, 
no direct information on nutrition was available for the individual 
prefectures, so data on household expenditures on various items of 
food were used instead. 

The wethod of anaiysis chosen was multiple regression. Factor 
analysis was considered and several trials were made, but the results 
were somewhat equivocal. In addition, the need for a mathematical 
factoring was not so important because of the logical framework already 
established. Another study of Japanese mortality, by Yamamoto and 
@ayashi (1971) for the years 1960 and 1965, did use the factor analytic 


approach and the results of that study are in strong agreement with © 


those of the current project. 

After examination of many different correlations and regression 
equations, nine basic variables were chosen for entering into the 
multiple regression equations with the standardized death rate as the 
dependent variable. These variables are (1) expenditures on all food, 
(2) expenditures on clothing, (3) persons per household, (4) household 
income, (5) education, (6) occupational structure, (7) doctors per 
capita, (8) level of urbanization, and (9) average temperature (Table 
6). These range from factors close to the individual and summed to 
arrive at prefectural .averages to factors which are assumed to be of 
fairly equal importance to all of the population of a prefecture. 
Regressions were run using these variables for each census year froa 


1950 to 1970. 


Zero-order correlations with the death rate show that higher values 
of two variables are consistently associated with higher death rates 
(Table 7). These two are average number of persons per household and 
the percent of the labor force engaged in farming and lupbering. All 
of the other variables are negatively related with the death rate. 
These correlations are maintained at each of the five census dates, 
lending support to the direction of the relationships even when they 
are not statistically significant, 

The direction of the variables’ effects on the death rate shown by 
the zero-order correlations is not always duplicated by the results 
of the regression equations (Table 8). In particular, four variables 
whose bivariate relationships with wortality are negative tend to 


show positive signs when incorporated into the equations with the 
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other variables. Urbanization, doctors per capita, income, and total 
expenditures on food all show some positive signs in the equations, 
although not always consistently and not always with statistical 
significance. 

These results corroborate what we already know, that the determination 
of mortality is a complex phenomenon and that relationships aze not 
always what they seem to be on the surface. A priori reasoning and 
the results of some other investigations might lead one to expect te~. 
lationships like those show by the zero-order correlations. Across 
nations, for example, Adelman (1963) found that higher levels of 
economic development, urbanization, and medical care were all 
associated with lower levels of mortality. Other studies, within 
nations but often restricted to only one level of the framework, also 
find such relationships: Kitagawa and Hauser (1973) find a negative 
relationship between income and mortality, even with education 
controlled for. The reversals found in the present study, and similar 
results in other studies discussed below, suggest that the other 
findings may be partly the product of uncontrolled factors at work. If 
these reversed relationships are valid and not just the product of low 
statistical reliability, how might they be explained? 

Urbanization is such a general phenomenon, correlated with so many 
aspects of society, that it is not surprising to find it has both positive 
and negative effects on mortality and that if some of the negative 
effects are controlled for, the remainder may act positively. The sign 
of the coefficient for urbanization in the regression equations usually 
changed from negative to positive when the occupational variable was 


entered, indicating that much of the negative zero-order relationship 


ul 


of urbanization with mortality is the product of the relationship 
between urbanization and the occupational structure. 

Similarly, when education {£8 controlled for, one of the major ways 
in which income affects mortality is removed, and the remaining effects 
of income, having to do perhaps with life-style patterns, stress, and 
exercise, have a net positive effect on mortality. 

The sometimes positive sign of the coefficient for doctors per 
capita is not often statistically significant. Other researchers 
who have dealt with this variable have noted similar positive associa- 
tions and have noted that there are likely reverse effects occurring: 
doctors per capita respond to the death rate as well as the death 
Yate responds to doctors per capita (Auster, Leveson, and Sarachek, 1972). 

Regarding total food expenditures, it is well known that over- 
indulgence in some foods may be as detrimental to health as wal-~ 
nutrition. While expenditures on food is not the best way to get at 


this phenomenon, it may well be responsible for the findings. 


The overall regression equations usually explain over 60 percent of 
the variation in the death rates. The relative importance of the 
separate variables to these equations may be examined by looking at the 
normalized regression coefficients, the Beta-coefficients, and iater- 
preting this information in the light of data on the statistical 
significance of the coefficients (Table 9). 

The variable which is usually most important is the average number 
of persons per household, followed closely by the percent of the 
population ever 15 with @ high school education and the percent of the 


labor force in farming. Other variables, especially average temperature, 
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incowe, and doctors per capita, all show relatively little importance 
oace included with the other variables. 

Two of the three most important variables, persons per household 
and education, show decreasing regression coefficients over time, 
Suggesting that the death rate is becoming less sensitive to 
differences in these variables. Urbanization and the percent in 
faraing, on the other hand, show some evidence of increasing importance. 

These results may be compared with the findings of several other 
investigators, in particular Yamamoto and Hayashi for Japan (1971), and 
Silver (1973) and Auster, Leveson and Sarachek (1973) for the United 
States. Two of these use some index of crowding or family size, not 
perfectly comparable to our measure of persons per household. Neither 
finds this factor to be especially important, in contrast to the above 
YTesults. On the other hand, in regression studies for the United 
States, education was found to be of major importance, even though 
entangled with the effects of income and occupation. One of these 
studies also found the occupational structure to be of major importance. 
Both the United States studies also show a positive relationship of 
incose and mortality when other factors are controlled for. The 
effect of urbanization, when other factors are included in the analysis, 
is found to be of low importance and uncertain direction. 

The importance of the variable persons per household in the 
Tegressions was somewhat unexpected. Tentative hypotheses were that 
a core direct measure of crowding, the number of tatami mats per person 
io a household, would be more important and that perseuns per household 
would be of almost no importance. 


Just how does this variable operate to affect the death rate? Contacts 
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with a large number of people would theoretically lead to a greater 
chance of exposure to disease. Also, a large number of persons to 
interact with might lead to higher levels of stress, although the 
mitigating effects of culture would be of primary iaportance here. A 
higher household size might indicate some age-structure differences 
among the prefectures, but these would not be reflected in 
differences in an age-standardized death rate. We will say more about 
this variable after the examination by causes of death. 

The importance of education is expected; this variable is alnost 
invariably strongly negatively related to mortality no matter what 
the investigative approach. It is presumed that the effect is because 
of the greater ability of educated people to deal with many of the 
problematic aspects of life, including preventing and treating the 
avoidable diseases. The causes of death most important to the effect 
of this variable, and also of the percent in farming, will be discussed 


below. 


Mathematically, if each cause of death rate is regressed on the 
independent variables, the coefficient for each of the independent 
variables for the different causes will sum to their coefficients 
for the total death rate. The results of guch a procedure are, however, 
strongly influenced by the overall importance of the cause groups 
cardiovascular diseases and residual causes, which would be expected 
to dominate the effect of any variable on the total death rate. 

The positive effects of persons per household on the total death 
rate are transmitted most strongly through the effects of this 


variable on the cardiovascular death rate (Table 10). Also of 
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importance are positive effects on the death rates due to cancer and 
to pneumonia end bronchitis, the first two showing rising relative 
izportance, the last falling. Consistently negative effects of 
persons per household are shown on tuberculosis and accidents other 
thaa automobile accidents. 

Such results are only partly in agreement with expectations that 
infectious diseases and stress might be the pathways for the effect of 
personas per household on the death rate. Pneumonia and bronchitis 
and cardiovascular diseases do fit these categories to an extent, of 
course, but the effects on cancer and tuberculosis are not easily 
explained. 

The negative effects of education on the death rate come first of 
all through the residual causes of death, which cannot be further 
analyzed with the available data. The effect of high school 
education on cardiovascular diseases, on the other hand, is consistently 
positive and usually second in importance, thus somewhat counteracting 
the effect through the residual group. Other effects reinforcing the 
net negative effect are felt through tuberculosis, intestinal diseases, 
pneuzonia and bronchitis, and accidents other than automobile accidents. 

If we assume that much of the effect of high school education on 
the residual group is on the infectious and parasitic diseases, then 
by and large hypotheses about the cause groups this variable works 
through are supported. The only diseases which are consistently higher 
fcr high levels of education are cardiovascular diseases and neoplasms, 
and life-styles must be playing an important part here. All other 
disease groups are negatively related to leveis of education. 


The positive effect of the percent of the labor force in farming on 
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the total death rate is dominated by its positive effect on cardio- 
vascular diseases, which is surprising since the energetic life is 
supposed to reduce the incidence of cardiovascular disease. So other 
pathway is ever as important. Smaller but consistently positive effects 
of the percent in farming are felt through pneumonia and bronchitis, 
while automobile accidents and cancer are consistently negatively 


Telated to this variable. 


Conclusions 

We see for Japan in the two decades after 1950 a period of continuation 
of trends which dominated the previous 30 years: the decline in 
mortality, the decrease in differences in mortality for the prefectures, 
and the increase in the sex differential in mortality. The causes 
of death contributing most to the fall were the preventable diseases, 
while the main source of the renaining prefectural differences were 
cardiovascular diseases. This group plus neoplasms and automobiie 
accidents were the basic sources of the rising sex mortality differeatial. 

Among the social factors examined, persons per household, education, 
and the percent in farming proved to be the most important determinants 
of mortality at each census date, although the first two have been 
falling in importance. 

All of the social factors studied, with the exception of automobile 
accidents, show a growing similarity of their values for the different 
prefectures over time, and this undoubtedly underlies the convergence 
in levels of mortality. As these social, economic, and medical and 
public health factors become more and more equalized throughout the 


Country, wa may expect to find less and less difference in sortality, 
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and that which remains will likely be due to factors which lie 
outesae man's current abilities to control, factors basically of the 
natural environzent. 

The comparative studies show that Japanese mortality experience 
seems to be following the path taken earlier by Western countries. 
The similarities between Japan and the West and the differences between 
Japan and the currently developing countries make it uncertain whether 


these countries will follow the same paths as mortality falls. 


Table 1. Expectation of life at birth (eq) in 


years, by sex, and sex differential: 
Japan, 1950-1970 


Feaale 

Year Male Female elena 
male 

1950 57.53 60.98 3.45 
1955 «63.76 67.95 4.19 
1960 65.42 70.29 4.87 
1965 67.80 72.99 5.19 
1970 69.41 74.79 5.38 
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